INTRODUCTION
Nuclear Magnetic Resonance (NMR) has for many years been used in the oil and gas industry to characterise well reservoirs and fluids. Over the years there have been extensive investigations into the impact of iron-rich minerals and in particular iron-rich clays on the NMR signal (Kleinberg, 2007; Allen, et al., 1997; Freedman & Heaton, 2004) .
The moisture content of iron ore deposits has been shown to have significant effects on the processing, transportation, quality and general materials handling (Miljak, et al., 2006) . Iron ore is primarily transported in large ships and during transportation, if there is sufficient free fluid in the ore the particles can compact leading to liquefaction. This liquefaction can cause major safety issues by destabilising the ship (Lloyd's Register, 2013; Bulk Carrier Guid, 2010) . In the past halfdecade there have been two incidents of iron ore vessels capsizing, losing control or returning to port due to the liquefaction of the ore contents (Griffiths, 2013) .
With iron ore royalty receipts contributing $4.34 billion to Australian economy -highest of any other resource (DMP, 2013) and an expected rise in 2014, it is imperative to understand any limitations and methods that must be taken into account for accurate measurements of moisture content.
It is already well established that magnetic minerals based on iron, nickel and chromium can significantly alter the NMR relaxation rate, impacting the applicability of known methods of data interpretation (Keating & Knight, 2007; Kleinberg, 2007; Bryar, et al., 2000) . Previous studies have concentrated on identifying the dominating relaxation mechanism of the T2 relaxation for samples of varying iron content and compositions (Keating & Knight, 2010; Keating & Knight, 2007; Keating & Knight, 2008) . These studies focus on whether the bulk fluid relaxation rate, diffusion relaxation rate or surface relaxation rate dominate in different systems. For the most part, surface relaxation remains the dominant relaxation mechanism for the various iron concentrations and compositions tested, despite the relaxation effects induced from the internal magnetic fields resulting from the iron based components. These studies were conducted using iron rich clays as opposed to iron ore samples. The difference being in the matrix and porosity system. In iron ore samples, it is possible that this mechanism becomes dominated by the diffusion effect caused by internal gradients.
While these previous studies show the importance of understanding the difference between systems with varying compositions, we have worked on studying the importance of how the data is actually acquired. In this study we examine the effects of varying the echo time (TE) of the Carr-Purcell pulse sequence with the Meiboom-Gill modification (CPMG) to determine the methods that should be adopted when using NMR in iron rich cores, and to quantify the limits of the measurement for accurate moisture content determination.
METHOD AND RESULTS
We conducted NMR experiments using a Magritek 2MHz Rock Core Analyser (RCA) configured with a P54 detection probe. We obtained rock cores from a iron ore producer in WA and saturated them with water by submerging them for 24 hours prior to the measurements. This process was conducted to ensure the NMR signal would be maximised allowing for the full extent of varying echo times to be determined. A CPMG
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The original data set for each rock was measured using TE = 0.1 ms. Higher echo times were produced by removing data from the original data set. T 2 relaxation time distributions were obtained using Tikhonov regularization on in-house software. The resulting regularisation for a rock containing approximately 10 % hematite, with a permeability of 4.73 mD and a magnetic susceptibility of 2.76 x 10 -5 (SI units), is shown in figure 1 . The plot shows minimal changes in the T 2 distribution shape up to an echo spacing TE = 0.4 ms, but also shows a systematic trend of decreasing signal at low T 2 with increasing echo time. This result demonstrates that as the echo time is increased beyond a certain limit the regularisation becomes less representative of the actual T 2 distribution, which would lead to incorrect estimates of bound fluid. For the particular system shown in figure 1 the echo time limit is 0.4 ms.
Parameter

CONCLUSIONS
The results of this work demonstrate that when NMR is used to determine moisture content in iron rich rocks and cuttings, the choice of echo time is crucial. An echo time that is too large will lead to an incorrect value for the bound fluid in the system, which could have major financial and safety implications for the industry.
For the rocks in this study we have shown an echo time of 0.4 ms is the limit, above which the T 2 distributions were shown to deviate from the actual T 2 distribution. While this limit can be used for this particular system, it will also be important to determine the limits for other systems (e.g. rocks containing magnetite) or whether alternative analysis methods should be implemented for rocks with different mineralogical properties.
